Objective: To assess the phenomenology and predictive factors of attention-deficit/hyperactivity disorder (ADHD) after traumatic brain injury (TBI), also called secondary ADHD (SADHD). Method: Children without preinjury ADHD 5-14 years old with TBI from consecutive admissions (n = 143) to five trauma centers were observed prospectively for 6 months (baseline and 6 months), with semistructured psychiatric interviews. Injury severity, lesion characteristics, and preinjury variables including psychiatric disorder, family psychiatric history, family psychiatric history of ADHD, family function, socioeconomic status, psychosocial adversity, and adaptive function were assessed with standardized instruments. Results: SADHD in the first 6 months after injury occurred in 18 of 115 (16%) 
Secondary attention-deficit/hyperactivity disorder (SADHD) refers to the development of ADHD after brain injury. This disorder has been described as a complication of traumatic brain injury (TBI) in several studies (Gerring et al., 1998 (Gerring et al., , 2000 Herskovits et al., 1999; Konrad et al., 2003; Max et al., 1998a Max et al., , 2004 . The data are limited on prevalence, phenomenology, mechanism, and preinjury psychosocial as well as injury risk factors.
Prospective TBI studies found the rates of SADHD to vary between 19% and 20% (Gerring et al., 1998; Max et al., 2004) . There are no data regarding the mechanism of SADHD, and the distribution of SADHD subtype is unknown because the prospective studies were conducted before the introduction of DSM-IV (American Psychiatric Association, 1994) . Preinjury risk factors for the development of psychiatric disorders after TBI are most reliably elucidated by studies with a prospective design (Brown et al., 1981) . With regard to the development of SADHD, preinjury risk factors are poorly understood. One study recorded parents' estimate of their family's preinjury psychosocial adversity approximately 1 year after the TBI in a prospectively studied referred sample of children admitted to a rehabilitation center (Gerring et al., 1998) . Preinjury psychosocial adversity ascertained in this way was significantly related to SADHD 12 months postinjury. Another study of children with TBI recruited from consecutive hospital admissions found that preinjury family function was related to overall symptoms of ADHD throughout a 2-year prospective follow-up (Max et al., 1998a) . This study was too small to analyze preinjury risk factors for the categorical diagnosis of SADHD.
Injury severity characteristics can be studied with designs that are retrospective as well as prospective. Hospital records, which generally contain information regarding the acute severity of injury (e.g., Glasgow Coma Scale score [GCS] ; Teasdale and Jennett, 1974) , make this feasible. The relationship of injury severity to the development of SADHD is still open to debate. A study that included participants with a limited range of severity of injury (primarily severe TBI but also a small number of children with moderate TBI) found no relationship of SADHD to injury severity (Gerring et al., 1998) . A study of a cohort of children pooled from prospective and retrospective studies with children with mild to severe TBI found that SADHD was associated with severity of injury indexes. The finding was no longer apparent when the analysis was limited to children with severe TBI only (Max et al., 2004) .
Lesion correlates of SADHD are best studied with a prospective design with an initial postinjury assessment as early as possible to reduce the chances that a preinjury disorder may be misclassified as having a postinjury onset (Brown et al., 1981) . There are data specific to the study of ADHD that suggest that parents are reliable in their retrospective reporting of the presence or absence of ADHD (Faraone et al., 1995) , however. Documentation of lesion characteristics can be achieved with brain imaging conducted acutely for clinical purposes or at any postinjury point for research purposes. The ideal is for the brain imaging to coincide with the assessment documenting the clinical outcome under review (Damasio and Damasio, 1989) . This is generally an impractical arrangement in a prospective longitudinal study because of cost and other logistic concerns. Our knowledge of SADHD-lesion correlates is limited to two cohorts of TBI study participants. A report from the first cohort found an association of SADHD with research MRI documented lesions of the right putamen (Herskovits et al., 1999) , whereas a second report from the same cohort but analyzed differently found that lesions of the basal ganglia and thalamus were significantly related to SADHD (Gerring et al., 2000) . The second cohort consisted of child TBI study participants pooled from a prospective study and a retrospective study. This study, which relied on computed tomography scans typically conducted within 24 hours after TBI did not detect a significant association of SADHD with any specific site of cortical lesion (Max et al., 2004) . Results from a study of a different type of brain injury (i.e., childhood stroke) showed that lesions smaller than 10 cm 3 , involving the putamen principally, tended to be associated with ADHD symptoms (Max et al., 2002) . Furthermore, orbitofrontal cortex (Brodmann areas 10, 11, 12, 13, 47) and mesial prefrontal lesions were significantly associated with ADHD after childhood stroke (Max et al., 2005) .
Neurobiological research of developmental ADHD may have relevance to SADHD and vice versa. Structural and functional imaging studies of developmental ADHD have implicated prefrontal areas primarily but also striatal and cerebellar areas (Castellanos and Tannock, 2002) . Among a wide array of studies of children and adults with ADHD suggesting differences in the prefrontal lobe are those that include findings specific to characteristics of the orbitofrontal cortex (Hesslinger et al., 2002) or more specifically the orbitofrontal gyrus (Lee et al., 2005) .
In view of the above findings, we hypothesized that (1) SADHD in children and adolescents with a range of mild to severe TBI would be significantly associated with severity of injury and preinjury adverse psychosocial indexes including SES and that (2) SADHD would be significantly associated with lesions of the basal ganglia and also the orbitofrontal gyrus.
METHOD

Subjects
The subjects in this study consisted of 177 children and adolescents who were recruited from consecutive admissions during their initial hospitalization after a TBI at one of five academic medical centers. Enrollment ranged from mild to severe TBI at all centers except one, where recruitment was limited to children with moderate to severe TBI and no preinjury ADHD. Exclusion criteria included preexisting schizophrenia or autistic disorder, mental deficiency, and injury caused by child abuse or penetrating missile injury. The parents/guardians of all of the children signed an informed consent and all of the children signed an assent to participate in accordance with the institutional review boards at each site. This study focused on SADHD, which by definition cannot occur in children with preinjury ADHD. Therefore, we excluded 34 children who were diagnosed with preinjury ADHD and analyzed data on the 143 remaining children. Tables 1 and 2 show demographic details, injury indexes, and preinjury psychosocial variables for the participants. The racial characteristics of participants were as follows: white, 77 (53.8%); African American, 25 (17.5%); Hispanic, 27 (18.9%); Asian, 5 (3.5%); other, 9 (6.3%).
Measures
Psychiatric Measures. DSM-IV psychiatric diagnoses (American Psychiatric Association, 1994) were derived by using a semistructured interview, the Schedule for Affective Disorders and Schizophrenia for School-Age Children, Present and Lifetime version (K-SADS-PL; Kaufman et al., 1997) . The K-SADS-PL is an integrated parent-child interview that generates diagnoses based on a clinician synthesizing data collected from parent and child separately, querying symptoms that were present in the weeks before injury and preinjury lifetime symptoms (at baseline) and symptoms present or past from injury to 6 months (at 6-month assessment).
The Neuropsychiatric Rating Schedule (Max et al., 1998b ) is a semistructured interview designed to identify symptoms and subtypes of personality change due to TBI, which is significantly comorbid with SADHD (Max et al., 2004) . Both parents and children served as informants in the interview that took place at baseline and at 6 months after injury. We specifically waived the 1-year duration of symptomatology criterion to allow us to monitor symptomatology that was comorbid with SADHD. The instrument has been shown to provide reliable and valid diagnoses of the common subtypes of personality change (Max et al., 1998b) .
Best-estimate psychiatric diagnoses (Leckman et al., 1982) were generated by the interviewer after integrating the reports of the parent and the subject from the Neuropsychiatric Rating Schedule and the K-SADS interviews and, when available, from the Survey Diagnostic Instrument (Boyle et al., 1996) completed by the teacher.
Predictive Variables
Neurological Assessments. Severity of TBI classification was based on the lowest postresuscitation score on the GCS (Teasdale and Jennett, 1974) , which was recorded from clinical notes. The GCS is the standard measure of severity of acute brain injury associated with TBI. The scale measures eye opening and motor and verbal responsiveness. Scores range from 3 (unresponsive) to 15 (normal).
Magnetic resonance imaging (MRI) was conducted in most subjects 3 months after the injury. The protocol included a T1 volumetric spoiled gradient recalled echo and fluid-attenuated inversion recovery sequences, acquired in coronal and sagittal planes according to a research protocol. Hard copies of scans were coded for lesion location (e.g., lobe, gyrus, specific subcortical gray area, white matter tract) by project neuroradiologists at each site who were guided by a well-described lesion methodology (Damasio and Damasio, 1989) . The basal ganglia were easily identified specific subcortical gray matter structures and the orbitofrontal gyrus corresponded to Brodmann areas 11 and 12 (Damasio and Damasio, 1989) . A total of 124 of the 143 enrolled children (87%) with no preinjury ADHD returned to complete their research MRI. The distribution of lesions in children who completed the research MRI is displayed on the left side of Table 2 .
Family Psychiatric History. The Family History Research Diagnostic Criteria (Andreasen et al., 1977) interview was conducted by trained research assistants at each site. Criteria were modified to conform to DSM-IV criteria. At least one parent acted as the informant Note: Numbers differ because of missing data. GCS = Glasgow Coma Scale.
and was questioned about psychiatric disorders in each first-degree relative of the index child with TBI. Family ratings were then summarized for first-degree relatives on a 4-point scale (Max et al., 1998a ) of increasing severity: 0 = no family psychiatric disorder; 1 = at least one family member met criteria for a psychiatric disorder, but no treatment was received; 2 = a family member met criteria for a psychiatric disorder and has received outpatient treatment or been arrested for antisocial behavior; 3 = a family member met criteria for a psychiatric disorder and has had inpatient psychiatric treatment or has been incarcerated. Family history of ADHD in first-degree relatives was also specifically coded as present or absent. Family Assessments. Global family functioning was assessed by using the Family Assessment Device general functioning scale based on the McMaster Model of Family Functioning (Miller et al., 1985) . The scale consists of 12 items in the format of a self-report questionnaire. The primary caretaker of each family responded to each item on a 4-point Likert scale ranging from 1 to 4. Scores below 1.8 represent healthy functioning.
Socioeconomic Status (SES). SES assessment was accomplished through the Four Factor Index of Social Status (Hollingshead, 1975) . Classification depends on scores derived from a formula involving both the maternal and paternal educational and occupational levels. Scores range from 8 to 66, with higher scores indicating higher educational and occupational levels and higher SES.
Psychosocial Adversity Measure
We used a psychosocial adversity index that was similar to that used in a seminal study of pediatric TBI (Brown et al., 1981) . Six areas were assessed. For each area that suggested adversity a score of 1 was given, and a score of 0 was given in areas where there was no adversity. The areas are (1) child not living with biological or adoptive parents; (2) sibship of at least four children or a person:room ratio exceeding 1; (3) admission of the child into the care of the local authority because of family difficulties; (4) maternal ''malaise inventory'' score of 7 or more; (5) paternal criminality; and (6) father or mother with an unskilled or semiskilled job.
Adaptive Functioning Measure
Preinjury adaptive functioning was retrospectively assessed shortly after the injury using the Vineland Adaptive Behavior Scale interview (Sparrow et al., 1984) . This involved a semistructured interview conducted by a trained research assistant with the primary caretaker. 
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Note: A total of 143 children were studied; 124 underwent MRI; 115 children were seen at 6 months, of whom 108 underwent MRI. SADHD = secondary attention-deficit/hyperactivity disorder.
Statistical Analyses
The association of SADHD with each of the potentially predictive demographic (age at injury, sex, race, SES), preinjury psychosocial (psychosocial adversity, preinjury lifetime psychiatric status, family psychiatric history ratings, family functioning scores, adaptive functioning), and severity of injury (GCS scores) variables was tested at the 6-month assessment by independent sample t tests or x 2 analyses as appropriate. Variables that were associated at a significant (p < .05) or trend level (p < .10) were then entered in a logistic regression analysis to assess the independent contribution of each variable in accounting for the diagnosis of SADHD.
A second series of analyses focused on lesion correlates of SADHD in the 6 months after injury. We conducted univariate x 2 analyses to assess the hypothesized relationship between SADHD and basal ganglia lesions as well as orbitofrontal gyrus lesions. Similar analyses were conducted for illustrative purposes for eight gray matter lesioned regions (four frontal, one temporal, one parietal, one occipital, one thalamic), cerebellar hemispheres, and five white matter lesioned regions (frontal lobe; anterior, middle, and posterior segments of the corpus callosum; internal capsule).
Finally, we built upon the first two series of analyses to investigate the relative contribution of demographic, psychosocial, and severity of injury variables (first series of analyses) and specific lesion variables (second series of analyses) to predict the presence of SADHD in the 6 months after injury. This was accomplished with a logistic regression analysis that included only the significant variable(s) from the regression in the first series of analyses and the significant variable(s) that emerged from the second series of analyses (lesioned regions with significant independent prediction of SADHD).
RESULTS
Occurrence
Of the original 143 eligible children, 115 (81%) returned for the 6-month psychiatric assessment. The returning group was not significantly different from the children who did not return in age, sex, race, SES, psychosocial adversity, preinjury adaptive function, GCS score, or lesion distribution.
The presence of SADHD and its subtypes is presented on the left side of Table 3 . SADHD occurred in 18 of 115 (16%) of children who returned for the 6-month assessment. The children presented with the following subtypes: inattentive (n = 8), not otherwise specified (NOS; n = 6), combined (n = 3), and hyperactive/impulsive (n = 1). The specific lesion distribution in each child with SADHD is displayed on the right side of Table 3 . Note: 0 = no lesion, AC = anterior corpus callosum; CH = cerebellar hemisphere; FW = frontal lobe white matter; Hyper/Imp = hyperactive/impulsive; IF = inferior frontal gyrus; MC = mid corpus callosum; MF = middle frontal gyrus; ND = no data; NOS = not otherwise specified; OG = orbitofrontal gyrus; OL = occipital lobe; PCC = posterior corpus callosum; PL = parietal lobe; RG = gyrus rectus; SF = superior frontal gyrus; TL = temporal lobe.
SADHD was significantly associated with the following other new-onset disorders: (1) new-onset personality change due to TBI was present in 8 of 18 (44%) children with SADHD versus 16 of 97 (17%) children with no SADHD; Fisher exact test = 0.022 and (2) new-onset oppositional defiant disorder/conduct disorder/disruptive behavior disorder, NOS (ODD/CD/DBD) was present in 6 of 18 children with SADHD versus 2 of 93 children with no SADHD; Fisher exact test <0.0005. SADHD was not significantly associated with new-onset depressive disorder or new-onset anxiety disorder. Table 4 presents data on the variables tested as potential predictors of the development of SADHD during the first 6 months after TBI. Children who developed SADHD versus those who did not had lower SES. There was a trend for children with greater psychosocial adversity scores to develop SADHD. SADHD was not associated with age at injury, sex, race, family psychiatric history, family history of ADHD, preinjury family function, preinjury adaptive function, preinjury lifetime psychiatric disorder, or severity of injury. A logistic regression analysis that included the variables associated with SADHD at least at a trend level (SES, psychosocial adversity) was significant (22 log likelihood x 2 = 10.18; df = 2; p = .0062) and correctly classified 86% of children with SADHD; however, SES (Wald x 2 = 6.24; df = 1; p = .0125) but not psychosocial adversity made a unique and significant contribution to this association.
Lesion Correlates of SADHD. SADHD was significantly associated only with lesions of the orbitofrontal gyrus and not with basal ganglia or any other lesions ( Table 2) SADHD at 6-Month Assessment: Combining Demographic/Psychosocial/Injury Severity Predictors With Specific Lesion Predictors. This analysis brought together the broader analysis of demographic, psychosocial, and injury severity as predictors of SADHD with the narrower specific lesion-behavior analyses as predictors of SADHD. Thus, SES and the orbitofrontal gyrus lesion variable were entered in a logistic regression analysis with SADHD at the 6-month assessment as the dependent variable. The regression was significant (22 log likelihood x 2 = 13.28; df = 2; p = .0013) and correctly classified 86% of the cases. Both SES (Wald x 2 = 4.17; df = 1; p = .041) and presence of an orbitofrontal gyrus lesion (Wald x 2 = 7.83; df = 1; p = .005) significantly and independently accounted for SADHD.
DISCUSSION
Phenomenology of SADHD
SADHD is a relatively common psychiatric disorder occurring in 16% of children recruited from consecutive TBI admissions in the first 6 months after injury. The frequency of occurrence is consistent with previous studies (Gerring et al., 1998; Max et al., 1998a Max et al., , 2004 . All subtypes of the disorder were apparent, although the most common form was inattentive followed by NOS, combined, and hyperactive/impulsive types. In addition to symptoms regarded as ''threshold'' (i.e., of sufficient severity to count toward the diagnosis), ''subthreshold'' symptoms, defined in the K-SADS-PL as occasional symptoms that occur more often than normally expected yet of insufficient severity to count toward the diagnosis, were relatively common in children diagnosed with SADHD. The pattern of symptomatology was complicated, but it was apparent that despite the predominance of the inattentive subtype, pure inattentive SADHD occurred in only one subject, whereas all of the other subjects had threshold or subthreshold hyperactive/ impulsive symptoms. There was significant comorbidity of SADHD with externalizing disorders such as personality change due to TBI (manifesting for the most part as clinically significant affective lability) and new-onset ODD/CD/DBD. This comorbidity, which is entirely consistent with previous studies (Gerring et al., 1998; Max et al., 1998a Max et al., , 2004 , was unrelated to subtype of SADHD. The mechanism of these overlapping symptoms and disorders remains to be clarified.
Psychosocial and Injury Predictors
SES was a significant predictor of the development of SADHD, and psychosocial adversity showed a trend in this regard. These findings were consistent with those of previous TBI studies (Gerring et al., 1998; Max et al., 1998a; Max et al., 2004) , which demonstrate that measures of psychosocial disadvantage predict SADHD.
Preinjury psychosocial variables commonly influence early and later psychiatric outcome (Brown et al., 1981) after pediatric TBI. This phenomenon may be related to compensatory mechanisms during the recovery process that favor families with less adversity (e.g., families have the resources to help children modulate their attentiveness, hyperactivity, and impulsivity). Contrary to our hypothesis, severity of injury did not predict SADHD. This result was different from our previous studies (Max et al., 1998a (Max et al., , 2004 , which included a full range of severity (mild to severe TBI), but was consistent with another study (Gerring et al., 1998) that included a limited range of severity (moderate to severe TBI). The discrepancy may be explained in part in that a substantial majority (70%) of our child participants had brain lesions documented by a research protocol MRI and therefore our population had a skewed range of severity consistent with changing nationwide practices regarding hospitalization for pediatric TBI (Thurman and Guerrero, 1999) . Previously, only about 20% of consecutively treated patients had brain lesions (Kraus and Nourjah, 1988) . None of the other variables tested, including a wide range of demographic and psychosocial variables, significantly predicted the development of SADHD. The absence of a significant relationship with a family history of ADHD in firstdegree relatives is consistent with our previous study (Max et al., 2004) and suggests that this acquired form of ADHD is distinct from the developmental form, which has a significant familial/genetic association.
Lesion Predictors
As hypothesized, orbitofrontal gyrus lesions predicted the development of SADHD in the first 6 months after TBI. This is consistent with data from a childhood stroke study (Max et al., 2005) as well as imaging studies of developmental ADHD (Hesslinger et al., 2002; Lee et al., 2005) . Structural imaging studies of children with developmental ADHD have also found smaller prefrontal volumes particularly on the right (Castellanos and Tannock, 2002) . The significant association of SADHD with orbitofrontal gyrus lesions appears to be specific because the presence of ''any lesion'' was not associated with SADHD (Table 2) . Furthermore, in a logistic regression, orbitofrontal gyrus lesions and SES were significantly and independently associated with SADHD. Studies of adults with right-sided or bilateral orbitofrontal cortex lesions that include the orbitofrontal gyrus (Tranel et al., 2002) emphasize the development of a syndrome of behavioral disinhibition and markedly impaired social judgment. The diagnosis of SADHD has not typically been made in such cases, but the description of cases suggests some symptomatic overlap (e.g., impulsivity, disorganization, poor planning, distractibility, inattention) with this disorder (Tranel et al., 2002) . These new data, showing that deficits in inhibitory control and behavioral function, are related to the presence of frontal lobe lesions after childhood TBI and are consistent with other recent information showing that frontal lobe TBI lesions are related to socialization and psychosocial function in childhood (Levin et al., 2004) .
Basal ganglia and thalamic lesions were uncommon in the participants of this study and were present exclusively in children who did not develop SADHD. As such, we found no evidence whatsoever to support SADHD-lesion correlates from a previous TBI study (Gerring et al., 2000; Herskovits et al., 1999) . Future studies should revisit this question because of these discrepant results as well as structural and functional imaging findings in developmental ADHD populations (Castellanos and Tannock, 2002) and findings in a childhood stroke population implicating basal ganglia lesions with ADHD (Max et al., 2002) . The discrepant findings may be related to heterogeneity of lesion distribution across TBI samples and also may indicate that SADHD can be generated by different mechanisms. If the orbitofrontal gyrus, basal ganglia, and the thalamus are viewed as cortical and subcortical components of parallel frontal-subcortical systems (Cummings, 1993) , then the discrepant results no longer seem irreconcilable. The frontal lobe-thalamic-brainstem system enables alert attention and conscious, directed attentive behavior, whereas a second frontal-subcortical system comprising the lateral orbitofrontal cortex, caudate, globus pallidus, and thalamus subserves behavioral inhibition.
It is worth mentioning that it appears to be the presence of damage to frontal systems, and not injury severity, that is predictive of SADHD. Although previous studies of children with TBI of moderate and severe degree have included children with frontal lobe lesions, the present data have allowed us to parse the relationship between severity and focal lesions and to show that the association with our negative behavioral outcome-SADHD-is related to the presence of orbitofrontal gyrus lesions.
Limitations
The findings of this study must be considered within its limitations. Interrater reliability assessments for the diagnosis of SADHD were not directly tested based on videotaped interviews; however, the child and adolescent psychiatrists or psychologists at each site closely supervised the assessments. Furthermore, fidelity in diagnosis was maintained across sites by frequent telephone conferences and transmission of written summaries of psychiatric assessments that were critiqued by the first author and other interviewers resulting in a consensus diagnosis. Attrition in terms of participation of children was almost 20%. There were no demographic, psychosocial, or injury variables in which the children with missed assessments differed from those who returned. The image analysis did not employ volumetric measurements that may have more clearly delineated lesion correlates of SADHD; however, the images themselves were of research quality required for such volumetric assessments that allowed project neuroradiologists to document even the smallest of lesions. Although our hypotheses did not call for an orthopedic injury comparison group, such a group could control for new-onset ADHD in children predisposed to and exposed to injuries.
Strengths
The strengths of this study should also be appreciated. This is the largest prospective child TBI psychiatric interview study of a consecutively admitted nonreferred population. The breadth and depth of assessments were extensive and included interview assessments of psychopathology, adaptive function, and family psychiatric history of ADHD, in addition to rating scales encompassing injury and other psychosocial risk factors for new-onset psychiatric disorder. Furthermore, lesion analysis was based on readings by expert neuroradiologists.
CONCLUSIONS AND CLINICAL IMPLICATIONS
TBI in children and adolescents is a major public health problem. SADHD is a relatively common and important complication of TBI in children and adolescents in the first 6 months after injury. The disorder is typically comorbid with other functionally disruptive psychiatric disorders. Our findings suggest that at-risk children (i.e., those with low SES and orbitofrontal gyrus lesions) can be identified at the time of injury and monitored carefully by a clinician and an informed family for the development of and subsequent treatment of SADHD. Additional research focusing on SADHD is warranted not only because of public health implications but also because of what it may teach us about brain mechanisms involved in disrupted attention, motor disinhibition, and impulsivity. Future research should include longer-term follow-up to determine the natural history as well as stability of the phenomenology of and predictive factors for SADHD. Clarification of the mechanisms involved in the pathophysiology of SADHD may be achievable with a more fine-grained lesion analysis, elaboration of a neuropsychological profile, carefully designed functional imaging protocols, and neurochemical studies.
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